The cause of chronic complete heart block is often obscure but was formerly assumed, in many cases, to be ischaemic in origin (Penton, Miller, and Levine, 1956 ). In recent years it has become apparent that coronary artery disease is a relatively uncommon cause of chronic heart block, and the terms, "isolated disease of the conduction system" (Portal et al., 1962) or "primary heart block" (Zoob and Smith, 1963) have been introduced for those patients with complete heart block, and no obvious cause. In a necropsy series at this hospital of 65 consecutive patients dying with chronic heart block, 26 were found to have bilateral bundlebranch fibrosis (Harris et al., 1969) . The pathology of bundle-branch fibrosis has not been described in detail and the morphological findings in 27 cases are therefore presented in this paper.
SUBJECTS AND METHODS
All 27 patients had presented with chronic heart block, most with Adams-Stokes attacks. The coronary arteries were studied by post-mortem angiography (Crawford, Dexter, and Teare, 1961) . In addition to detailed histological study of the whole heart, the conduction system was studied by a serial section technique (Davies, 1967) . A series of 40 control hearts from subjects in the same age range with normal electrocardiograms recorded within 3 months of death was studied by identical means.
RESULTS
The anatomy of the right branch is very different from that of the left. The right is a single discrete muscle bundle in direct continuation with the main bundle of His, and only breaks up into smaller branches peripherally at the inferior margin of the interventricular septum. The left is not a single branch, though clinical terminology may imply this. It is a series of radiating fine branches arising directly from the main bundle over a considerable distance (Fig. 1) .
The morphology of the conduction system in bundle-branch fibrosis clearly contrasts with that in control hearts. With increasing age, control hearts do show progressive loss of conduction fibres in the origin of the left branches, associated with ageing changes and calcification in the collagen of the upper interventricular septum. Since the left branch consists of multiple fine fascicles, many may be lost without producing conduction defects, and up to 50 per cent have been observed to be destroyed without electrocardiographic abnormality. The discrete right bundle-branch shows increasing fibrosis with age but no significant conduction fibre loss. Fine fibrosis throughout the conduction system increases with age, but in normal subjects only in the origins of the left branches is appreciable conduction fibre loss seen. It thus follows that in studying the conduction system isolated histological sections of the left branch origins can give a misleading picture.
The morphological changes in the conduction system from cases of bundle-branch fibrosis fall into 3 groups. In type A loss of conduction fibres is maximal in the origin and upper third of the left branch, and the intramyocardial middle third of the right branch (Fig. 1) . Such loss is associated with collapse and fibrosis in the bundle-branches ( Fig. 2-5 ).
In type B (Fig. 1 ) changes in the origin of the left branch extend into the adjacent main bundle. The connective tissue outline of the branch and main bundle is preserved (Fig. 6 ), but conduction fibres are absent.
In type C (Fig. 1 ) the more distal bundlebranches and peripheral conduction network in both ventricles are maximally affected. (Fig. 7) . Small round cells with deeply basophilic cytoplasm appear within the sarcoplasmic sheath (Fig. 8 ).
After loss of conduction fibres in this active phase, the outline of the bundle-branch collapses and is replaced by fine fibrosis ( Fig. 8 and 9 ). The characteristic feature of bundle-branch fibrosis, in contrast with cardiomyopathies, is the normality in histological appearances of immediately adjacent contractile myocardium.
The degree of cardiac hypertrophy as indicated by total heart weight is considerable (Table) . Diffuse and focal endocardial thickening occurs in both ventricles. Diffuse myocardial scarring was increased in all patients with bundle-branch fibrosis as compared with control cases, but such scarring is predominantly interstitial and remote from the plete heart block must mean lesions in both bundlebranches.
Most patients with bundle-branch fibrosis are elderly, but occasionally young subjects are affected (Table) . Lenegre (1964) has shown that abnormalities in the electrocardiogram occur slowly, and the disease is probably initiated many years before complete AV block appears.
The myocardium in bundle-branch fibrosis is abnormal to a varying degree. Considerable cardiac hypertrophy may be present and does not correlate with ventricular rate, length of history, or presence or absence of cardiac failure. Cardiac failure was recorded in six patients, and its occurrence is only partially dependent on a slow rate. Scarring in the myocardium of cases of chronic AV block group.bmj.com on June 25, 2017 -Published by http://heart.bmj.com/ Downloaded from has been measured by Knieriem and Effert (1966) who found a considerable increase over normal hearts. The concept of isolated disease of the conduction system, with an implication of normal contractile function, is therefore only true to a degree. Bundle-branch fibrosis is, however, a disease with a long natural history, and death from coincidental causes is not uncommon (Table) .
The selectivity of bundle-branch fibrosis for the conduction system was clearly recognized by Aschoff (1910) , but the pathogenesis of such lesions remains controversial. Yater, Cornell, and Claytor (1936) regarded the lesions as anoxic, but failed to explain the sparing of adjacent myocardium. James (1967) has described various types of small vessel disease in conduction disturbances but such changes are not seen in bundle-branch fibrosis. Hyaline arteriosclerosis is common in hearts of this age-group, with and without conduction defects. Since the blood supply of the bundle-branches is that of adjacent myocardium it does not seem possible to relate bundle-branch fibrosis to any vascular disease. Lev (1964) considers bundle-branch fibrosis is related to ageing changes and calcification in the fibrous skeleton of the heart, a process accelerated by hypertension. Such changes are undoubtedly responsible for the normal loss of some conduction fibres in the left branch with increasing age. They may play a part in the development of left bundlebranch block in hypertension but can only explain pure type B bundle-branch fibrosis. Sclerotic ageing changes are not seen in relation to fibrosis of the right branch in its intramyocardial course or to the peripheral conduction network. The hypothesis put forward by Lev and known as " sclerosis of the left side of the cardiac skeleton" can therefore only explain a minority of cases of bundle-branch fibrosis. Cases 14, 31, 43, 49, and 57 (Table) of the present series are examples of this process. Hudson (1965) has suggested that bundle-branch fibrosis may represent healed myocarditis, and it is known that myocarditis in the acute stage heavily involves the bundle-branches (Lev and Unger, 1955) . Previous diphtheria has been implicated (Butler and Levine, 1930) , but in the present series of bundle-branch fibrosis no support for this view is found (Table) . The conduction system in bundle-branch fibrosis shows no acute inflammatory changes, and if previous myocarditis is implicated, the long latent phase preceding symptoms is difficult to explain. Normal ageing changes, however, lead to some loss of conduction fibres and this, superimposed on a conduction system damaged by previous myocarditis, remains a possible pathogenetic mechanism. Continuing active loss of conduction fibres at the time of death in some cases remains unexplained by all postulated mechanisms.
The only clinical series with sufficient data for comparison is that of Johansson (1966) , where 64 of 142 (45%) cases of AV block were considered to be primary. This is similar to the incidence of bundle-branch fibrosis in the present necropsy series (41%). The age incidence of both groups shows a peak in the eighth decade. A clinical series of primary heart block will include some patients with unrecognized definitive causes owing to the difficulty of clinical differentiation (Harris et al., 1969) , but the majority are likely to be bundle-branch fibrosis.
CONCLUSION
The commonest cause of chronic AV block is selective loss of conduction fibres in the bundlebranches at multiple sites. Such loss may be associated with a long history of conduction defect with good contractile function, though all cases have to some degree a pathologically abnormal myocardium, and cardiac failure does occur.
Bundle-branch fibrosis probably has several different aetiologies and pathogenetic mechanisms, and any attempt to explain all cases by one mechanism is invalid. A small proportion are probably due to the exaggerated ageing changes known as sclerosis of the left side of the cardiac skeleton.
Some may well represent ageing changes superimposed on a conduction system damaged by previous myocarditis, and in others the morphological changes suggest a primary degenerative process of conduction tissue.
SUMMLARY
A detailed pathological survey of the hearts, including the conduction system, from 27 patients with primary heart block or isolated disease of the conduction system is presented. The disease is characterized by progressive loss of conduction fibres in the bundle-branches with replacement fibrosis; the myocardium is relatively spared. Possible aetiological factors include previous myocarditis, exaggerated ageing changes, and a primary degenerative disease of conduction tissue.
